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Abstract. Riparian corridors possess an unusually diverse array of species and envi-
ronmental processes. This “ecological” diversity is related to variable flood regimes, geo-
morphic channel processes, altitudinal climate shifts, and upland influences on the fluvial
corridor. This dynamic environment results in a variety of life history strategies, and a
diversity of biogeochemical cycles and rates, as organisms adapt to disturbance regimes
over broad spatio-temporal scales. These facts suggest that effective riparian management
could ameliorate many ecological issues related to land use and environmental quality.
We contend that riparian corridors should play an essential role in water and landscape
planning, in the restoration of aquatic systems, and in catalyzing institutional and societal

cooperation for these efforts.
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Natural riparian corridors are the most diverse, dy-
namic, and complex biophysical habitats on the ter-
restrial portion of the Earth. Riparian corridors, as
interfaces between terrestrial and aquatic systems, en-
compass sharp environmental gradients, ecological
processes, and communities. Riparian corridors are an
unusually diverse mosaic of landforms, communities,
and environments within the larger landscape. As such,
we believe they serve as a framework for understanding
the organization, diversity, and dynamics of commu-
nities associated with fluvial ecosystems (Naiman et
al. 1988, Gregory et al. 1991).

The riparian corridor encompasses the stream chan-
nel and that portion of the terrestrial landscape from
the high water mark towards the uplands where veg-
etation may be influenced by elevated water tables or
flooding, and by the ability of soils to hold water. The
width of the riparian corridor, the level of control that
the streamside vegetation has on the stream environ-
ment, and the diversity of functional attributes (e.g.,
information flow, biogeochemical cycles) are related to
the size of the stream, the position of the stream within
the drainage network, the hydrologic regime, and the
local geomorphology. For example, the riparian cor-
ridor is often small in the numerous headwater streams
that are almost completely embedded in the forest. In
mid-sized streams the riparian corridor is larger, being
represented by a distinct band of vegetation whose
width is determined by long-term (>50 yr) channel
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dynamics and the annual discharge regime. Riparian
corridors on large streams are characterized by well-
developed, geomorphically complex floodplains with
long periods of seasonal flooding, lateral channel mi-
gration, oxbow lakes in old river channels, a diverse
vegetative community, and moist soils (Salo et al. 1986,
Naiman et al. 1992).

Ecological investigations of riparian corridors have
demonstrated them to be a key landscape feature with
substantial regulatory controls on environmental vi-
tality (Naiman et al. 1992). Streams are non-equilib-
rium systems with strong effects on habitat formation
and stability, on the attributes of riparian vegetation,
on local geomorphology and microclimate, and on the
diversity of ecological functions. The riparian corridor
is frequently disturbed by floods and debris flows, cre-
ating a complex shifting mosaic of landforms over a
spatial scale ranging up to 107 m (Salo et al. 1986,
Swanson et al. 1988). Consequently, plant species rich-
ness varies considerably in space and time along stream
margins, and these variations have important influ-
ences on the in-stream biota and processes. It is well
known that riparian vegetation regulates light and tem-
perature regimes, provides nourishment to aquatic as
well as terrestrial biota, acts as a source of large woody
debris (which significantly influences sediment routing,
channel morphology and in-stream habitat), regulates
the flow of water and nutrients from uplands to the
stream, and maintains biodiversity by providing an
unusually diverse array of habitat and ecological ser-
vices (Naiman and Décamps 1990). We believe that



many of the ecological issues related to landuse and
environmental quality could be ameliorated with ef-
fective riparian corridor management.

RIPARIAN CORRIDORS REQUIRE
A LANDSCAPE PERSPECTIVE

We view the term ‘“‘biodiversity’”’ as encompassing
the presence of species and ecological processes, and
it may be more properly referred to or thought of as
“ecological diversity.” The maintenance of biodiver-
sity requires a landscape perspective, especially for flu-
vial ecosystems whose drainage networks are embed-
ded in the landscape. We also view the riparian corridor
as the heart of the drainage basin since it may be the
ecosystem-level component most sensitive to environ-
mental change (Naiman et al. 1988, 1989). It is our
working hypothesis that delivery and routing of water,
sediment, and woody debris are the key processes reg-
ulating the ecological characteristics of riparian corri-
dors, and it is the dynamics of these materials that are
affected by alterations to the landscape. Available ev-
idence suggests that ecologically diverse riparian cor-
ridors are maintained by an active natural disturbance
regime operating over a wide range of spatial and tem-
poral scales. Ecologically diverse riparian corridors are
dependent on the nature of the disturbance (e.g., floods,
fire, landslides, debris torrents, channel migration) and
the ability of the biotic system to adjust to constantly
changing conditions (Kalliola et al. 1992). The natural
disturbance regime imparts considerable spatial het-
erogeneity and temporal variability to the biophysical
components of the system. In turn, this is reflected in
the life history strategies, productivity, and diversity
of the ecological community. In support of these state-
ments we offer the following observations related to
the biodiversity of riparian corridors.

Even though the riparian corridor has been recog-
nized for its high levels of biodiversity, it is still not
known how many species are present for any system
(Nilsson 1992). This is remarkable, considering that
>80% of the riparian corridor area of North America

and Europe has disappeared in the last 200 yr. The -

general modification of this important habitat is con-
tinuing on a global scale, with little attention being paid
to the ecological or human consequences of these
changes (Décamps and Naiman 1989, Petts et al. 1989).
Biodiversity is best documented for vascular plants,
even though nearly 70% of vertebrate species in a re-
gion will use riparian corridors in some significant way
during their life cycle (Raedeke 1989).

Studies of riparian vascular plants in Sweden (Nils-
son 1986, 1992, Nilsson et al. 1989), in Finland (Kal-
liola and Puhakka 1988), in the Peruvian Amazon ba-
sin (Salo et al. 1986, Junk 1989, Kalliola et al. 1992),
in southern France (Tabacchi et al. 1990, Décamps
and Tabacchi 1993), and in the northwestern United
States (Raedeke 1989, Gregory et al. 1991) all dem-
onstrate unusually high levels of biodiversity. For ex-

ample, Nilsson (1992) reports 13% (>260 species) of
the entire Swedish flora of vascular plants occurring
along a single river corridor; Junk (1989) reports that
all periodically flooded forests in the Amazon basin
may have =20% of the 4,000-5,000 estimated Ama-
zonian tree species; and Tabacchi et al. (1990) report
over 900 taxa of vascular plants along the Adour River
riparian corridor in France.

The reasons for the high diversity of vascular plants
are thought to be related to (1) the intensity and fre-
quency of floods, (2) small-scale variations in topog-
raphy and soils as a result of lateral migration of river
channels, (3) variations in climate as streams flow from
high to low altitudes or across biomes, and (4) distur-
bance regimes imposed on the riparian corridor by
upland environments. The migration capacity of plants
along riparian corridors is also an important factor
explaining the high biodiversity observed along river
courses. Collectively, these forces create a mosaic of
habitats in a non-equilibrium system, which allows a
wide variety of species to co-exist. It is well known
that environmental heterogeneity, productivity, and
resource diversity have major effects on functional di-
versity and species richness (Solbrig 1991). Floods de-
stroy older patches and create new patches, resulting
in an annual redistribution and sorting of sediment
sizes and new channel configurations. Altitude affects
the overall climate, while individual vegetative patches
influence the microclimate. Species from upland hab-
itats add to the species diversity in the riparian corridor
although, in many cases, they are relatively rare. Fi-
nally, riparian corridors are productive systems be-
cause of the proximity of water and nutrients, but they
are also subjected to regular and stochastic disturbance.
These observations are consistent with the concepts of
Huston (1979) and Solbrig (1991) related to the main-
tenance of high biodiversity in non-equilibrium situ-
ations where the process of competitive exclusion is
retarded by periodic population reductions and envi-
ronmental fluctuations.

IMPLICATIONS FOR SCIENCE AND PoLICY

If the global body of evidence gathered to date is
correct (there are no studies to the contrary), then the
implications for science and policy are substantial and
far reaching. Recognition of the riparian corridor as a
significant landscape component in maintaining re-
gional biodiversity also offers significant advances for
resolving issues related to endangered species, cumu-
lative effects, water yield and quality, and sustainabil-
ity. However, to attain this level of recognition it will
be necessary that policy makers have the desire and
ability to address the following considerations:

The environment must be recognized as a legitimate
consumer of water. The global alteration of hydrologic
regimes is having devastating effects on fundamental
processes maintaining the vitality of riparian corridors.
In the conterminous United States only 2% of the total



lengths of rivers are considered to be of sufficient qual-
ity for protection (Benke 1990); it is less in Europe and
many developing countries. In many countries, es-
pecially those in arid regions, more than half the pop-
ulation lives within 1 km of a riparian corridor, using
it for most of their daily needs (Turner et al. 1990). In
addition, as of 1990 nearly 70% of the freshwater flow-
ing to the oceans was controlled or modified in some
manner (Petts 1984 and personal communication) with
little understanding or appreciation of the ecological
consequences. Finally, the supplies of freshwater in
many parts of the world are severely over-subscribed,
making water a key security issue in our collective
future. A balance between immediate human water
needs and long-term environmental and human re-
quirements for water in the riparian corridor is essen-
tial.

The restoration of fluvial ecosystems will be a com-
plex and expensive effort in this decade and beyond.
Major efforts are already underway in the United States
(Columbia and Connecticut rivers) and Europe (Rhine
and Danube rivers). Clearly, complete restoration of
the ecological diversity will be impossible. However,
restoration efforts that consider disturbance regimes
(frequency and intensity), hydraulic heterogeneity of
the channel, and sediment dynamics, and that lessen
human constraints on the channel, will be effective over
the long term and at lower costs than engineering efforts
directed at specified sites. In the past nearly all human
influences on rivers (e.g., dams, irrigation, diking) have
simplified the system; restoration requires manage-
ment for connectivity and variability over broad spa-
tial and temporal scales.

These considerations demand a broader perspective
in planning. Planning based on isolated components
(e.g., fish, vegetation, or restoration of specific stream
sections) is ecologically incomplete. Consideration must
be given to maintaining hydrologic connectivity and
variability of riparian corridors from the headwaters
to the sea. This means that better riparian corridor
protection must take place in the numerous headwater
streams as well as in the broad floodplains downstream.
The area of land impacted by this recommendation is
often <10% of the total land mass, but it offers an
unusually diverse array of ecological services far in
excess of its areal extent. We recognize, however, that
management prescriptions are often made at the local
level based on site-specific characteristics; but in the
‘future they must be made within a basin-wide per-
spective. Attaining this broader planning perspective
requires a close liaison between science and policy. It
will be necessary to develop new applications of emerg-
ing technologies (e.g., geographic information systems
and visual models) for basin-wide perspectives (Pastor
and Johnston 1992, Swanson et al. 1992) and to couple
social, economic, and environmental consideration with
policy decisions at spatio-temporal scales and levels of
complexity seldom before effectively demonstrated in

human societies (Lee 1992, Lee et al. 1992, Naiman
1992).

A final consideration relates to political and insti-
tutional cooperation. International cooperation (IUCN
1980) and regional political cooperation (Naiman 1992)
are frequently demanded since many river (riparian)
corridors are shared by two or more political states or
land owners. In addition, regulatory institutions usu-
ally have only jurisdiction for a portion of the resources
in the riparian corridor, and often the institutional
mandates are conflicting (e.g., fisheries vs. agriculture).
Unless political and institutional cooperation can be
achieved the rich array of biologically diverse resources
and ecological services associated with riparian corri-
dors will continue to be exploited or wasted. The con-
sequences of existing practices for long-term environ-
mental and human vitality will be severe.
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